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ABSTRACT 
Interest in alternate lead free solder alloys has initiated a life 
prediction study of SN100C.  This paper outlines the results of 
the vibration portion of the testing and demonstrates that it’s 
roughly comparable to that of SnPb.  A fatigue component of 
6.4 is used, the same as that used for SnPb.  The resulting 
component dependent lifetime predictions are conservative, 
but usable for predicting the time to failure of SN100C solder 
joints. 
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INTRODUCTION 
Since the institution of Restriction Of Hazardous Substances 
(ROHS) Directive in the European Union on July 1, 2006, and 
mounting legislation in Asia and the rest of the world, 
concerns related to lead-free (Pb-free) reliability of solders, 
particularly on large surface mount devices, have been 
growing. While much of the consumer industry has embraced 
SAC305 the concern over its drop/shock performance in 
mobile applications, it's effect on wave soldering equipment, 
and the cost of silver has led to research in other Pb-free tin-
copper (Sn-Cu) metallurgies with little or no silver, such as 
SAC105, SAC0307 (0.3% silver) SN100C and other tin-
silver-copper alloys (SACX). 
 
The Sn-Cu without silver was quickly rejected as a viable 
alterative to Sn-Pb solder due to an undesirable grain 
structure. Joints formed of Sn-Cu alone demonstrated a 
cracked and dull surface finish with visible dendrites, and had 
poor strength properties. However, with the addition of silver 
or nickel, the appearance and behavior of Sn-Cu can be 
improved. 
 
Nihon Superior contracted DfR Solutions to test their SN100C 
(Sn-0.7Ni-0.05Cu+Ge) alloy in order to generate an 
acceleration factor (AF) and other models for failure 
prediction and accelerated life testing. Thermal cycling, 
mechanical shock after aging, and vibration tests were all 
performed. SnPb and SAC305 were tested in parallel under 
the most severe conditions of each experiment type.  For 
detailed procedures, please reference Accelerated Life Testing 
of SN100C for Surface Mount Devices1.  
 

EXPERIMENTAL PROCEDURE 
The test vehicles selected for this activity consisted of 
three package styles: a 2512 chip resistor, a leadless 
component; a 44 Lead Type 1 Thin Scale Outline Package 
(TSOP) with Alloy 42 leadframe, which has gull-wing 
type leads; and a 98 bump Chip Scale Package (CSP), an 
area array.  These types of packages dominate surface 
mount technology and represent the three major families 
of attachment styles.  These parts were also selected due 
to their tendency to fail relatively rapidly when subjected 
to cyclic thermal or mechanical loads.  Test boards are 
visible in Figure 1, Figure 2 and Figure 3.  
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Figure 1: Resistor test board with 40 components 
 

 
Figure 2: CSP test board with 24 components 
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Figure 3: TSOP test board with 12 components.  Two 
TSOP boards were tested for each condition to achieve 24 
samples 
 
Because SN100C is currently unavailable pre-applied to 
surface mount components, chip scale packages (CSP) 
required attachment of SN100C solder spheres to the 98 I/O.   
 
The boards were 6.5 inches (16.51cm) in length and 3.1 inches 
(7.87cm) in width. The boards were four layers and 0.062” 
inch thick (62 mil, 1.575mm).  The resistors had a component 
length of 0.248 inches (6.3mm), the TSOPs of 0.7244 inches 
(18.4mm) and the CSPs of 0.281 inches (7.15mm). 
 
VIBRATION 
Sinusoidal vibration tests on solder alloys SN100C, SAC305 
and SnPb were performed.  The procedure and results of these 
tests have been published previously in Accelerated Life 
Testing of SN100C for Surface Mount Devices2.  SN100C was 
tested at 6, 12, 20 and 30G, at the characteristic frequency of 
the test vehicle of 171Hz.  SAC and SnPb were tested at 30G 
only.  The number of boards subjected to each profile is 
displayed in Figure 4. 
 
An Anatech STD256 event detector was used to detect 
electrical opens.   
 

 
Figure 4: Boards subjected to each thermal profile by 
component type and solder 
 
RESULTS 
Vibration results have been discussed in greater detail in 
Accelerated Reliability Testing of Ni-Modified SnCu and 

SAC3053.  Vibration results are summarized in Figure 5, 
Figure 6 and Figure 7.  
 

 
Figure 5: Failure data of 2512 resistors assembled with 
SN100C and subjected to vibration at 12G and 30G.  
Note: No failures were detected for 2512 resistors 
subjected to 6G or 20G. 

 

 
Figure 6: Failure data of 44 I/O TSOPs assembled 
with SN100C and subjected to vibration at 6G, 12G, 
20G and 30G. 
 

 
Figure 7: Failure probability of 98 I/O CSPs 
assembled with SN100C and subjected to vibration at 
12G, 20G and 30G.  Note: No failures were detected 
for CSPs subjected to 6G. 
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CORRELATION OF VIBRATION DATA TO LIFE 
PREDICTION MODELS 
The Steinberg model for resistance to high cycle fatigue, as 
dictated for SnPb solder, has been defined as: 
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Where NO is the number of cycles to failure under operating 
conditions, NC is a constant, critical number of cycles, ZC is a 
critical component deflection, ZO is the deflection experienced 
by the board while being operated and b is a fatigue 
component that is dependent upon the material.  The fatigue 
component used for SnPb is 6.4.  The critical number of 
cycles, Nc, is defined as 10 million (107), because a 
component that survives is generally considered to have a 
fatigue limit beneath which no failures will predictably occur 
due to fatigue in the course of use. 
 
The critical component deflection to reach this fatigue limit is 
defined as 
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where B is length of the board parallel to the component’s 
long side, C is a constant related to the component type and 
shape (1.0 – 2.25), h is the thickness of the board, r is a 
constant which defines the position of components on the 
board, and L is the length of the component along the long 
axis. The final term, the deflection of the board during the 
operation, is influenced by acceleration of the board due to 
vibration (G) and the natural frequency of the board (fn) and is 
defined as  
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The predicted time to failure, based upon the Steinberg 
equation and constants derived from SnPb interconnect 
systems, are plotted in Figure 8 for the 2512 resistor, 44 I/O 
TSOP, and 98 I/O CSP. Comparing these predictions to the 
actual time to failure and time at test termination shows a 
relatively good correlation of the SN100C assembled devices 
to the Steinberg model for SnPb. 
 
It is important to note that Steinberg only holds for high cycle 
fatigue, which is defined as being above 100K (105) cycles, as 
noted by the blue line in Figure 8.  Below that level, and 
especially below 10K (104) cycles, Steinberg becomes a very 
conservative prediction of time to failure, often 
underestimating by as much as an order of magnitude.  This is 
true for both SN100C and SnPb.  The second blue line 
indicates 10 million (107), the fatigue limit beyond which 
failures are difficult to predict. 
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Figure 8: Steinberg predictions for SnPb and cycles to 
failure for all components subjected to vibration 
 
DISCUSSION 
While part of the correlation was dependent upon 
suspended data, there seemed to be some indications that 
the behavior of SN100C under vibration tends to follow 
the Steinberg model for SnPb interconnects.  Additional 
and more comprehensive testing in the high cycle regime 
will be required to validate this initial conclusion.  The 
data from vibration testing indicates that a model similar 
to that of SnPb would accurately and conservatively 
predict time to failure of SN100C solder joints under 
vibration load, between 105 and 107 cycles. 
 
There are, however, situations where the Steinberg model 
cannot be used, for example, unique package styles, 
conditions where the vibration behavior must be precisely 
modeled.  In these scenerios, finite element analysis 
(FEA) is performed.  To allow FEA accurate predictions, 
additional material characteristics of the SN100C will 
need to be obtained and this data will shortly become 
available. 
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